Background: Breast cancer (BC)-derived hyaluronan (HA) can induce the formation of M2-like tumor-associated macrophages (TAMs) in tumor context. However, little is known about the correlation between circulating M2-like monocytes and plasma HA in BC patients. This study focused on evaluating the relationship between circulating M2-like monocytes and plasma HA, and further appraised the diagnostic value of them in BC. Methods: The expression of M2-like TAMs and HA was determined in pathological tissues by immunohistochemistry. Flow cytometry was used to detect the levels of circulating CD14
Introduction
Breast cancer (BC) remains one of the most prevalent cancers worldwide and a leading cause of cancer-related mortality in China [1, 2] . Early detection and diagnosis are important to reduce mortality and improve long-term survival. Unfortunately, the best available approach by mammographic screening has several limitations that include the use of ionizing radiation and poor
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International Publisher diagnostic accuracy. Tumor biomarkers in peripheral blood are effective and non-invasive screening tools. However, the frequently used biomarkers of breast cancer, including carcinoembryonic antigen (CEA) and cancer antigen , are elevated most of the time in advanced stages and lack sensitivity at early stages [3] . Therefore, it is urgent to search for other biomarkers with high sensitivity for screening and diagnosis of breast cancer patients.
Macrophages are often found in the tumor stroma, where macrophages are induced to tumor-associated macrophages (TAMs) [4, 5] . Macrophages are heterogeneous in population and can be differentiated into M1-like and M2-like macrophages [4, 6] . According to phenotype, function, and expression of cytokines, TAMs usually resemble the M2-like macrophages, which promote tumor growth and progression in BC patients [7, 8] . Some microenvironmental stimuli are shown to influence the phenotype of TAMs in breast tumors. For example, several anti-inflammatory mediators, including IL-4, IL-10, IL-13, TGF-β, and M-CSF, lead to the formation of M2-like macrophages [4, 7] . However, tumor microenvironment includes both cellular and noncellular (matrix) components. Hyaluronan (HA) is one of the main extracellular matrix constituent. In breast cancer, increased levels of HA promote tumor progression and are correlated with tumor cell proliferation and migration [9, 10] . Stromal-derived HA can serve as a microenvironmental signal for TAMs recruitment and remodel the local microenvironment to promote tumor angiogenesis in a mouse mammary tumor model [11] . Moreover, accumulation of HA facilitates macrophages infiltration in breast cancer tissue and HA fragments are capable of enhancing macrophage differentiation into a phenotype of M2-like macrophages [12] [13] [14] . Therefore, there is a close relationship between TAMs and HA in breast tumor microenvironment, but little is known about the correlation between them in peripheral blood of BC patients.
Recently, several studies suggested that M2-like TAMs in breast cancer tissue could migrate into peripheral blood to become circulating M2-like monocytes and facilitate breast tumor metastasis [15] [16] [17] . Furthermore, circulating M2-like monocytes are elevated in some cancers, such as lung cancer [18] , colorectal cancer [19] , and classical Hodgkin Lymphoma [20] . Therefore, circulating M2-like monocytes may serve as a new tumor biomarker for breast cancer. In our previous study, we have demonstrated that serum HA concentrations were elevated in breast cancer patients [10] . These findings suggest that circulating M2-like monocytes and HA constitute a potential panel combining biomarkers for breast cancer screening. In this study, we investigated the relationship of the circulating M2-like monocytes with plasma HA in BC patients, with the purpose of identifying the combined biomarkers for the diagnosis of breast cancer.
Materials and Methods

Study subjects
The study was conducted according to the revised Declaration of Helsinki, 2013. Informed consent was obtained from all participants and the study protocol was approved by the Ethics Committee of Shanghai Jiao tong University. Blood samples were collected from 81 breast cancer patients and the control groups, which contained 45 patients with benign breast disease and 46 age-matched healthy subjects. All patients were diagnosed by histological evaluation for the first time at Shanghai Cancer Center before they received any treatment. All healthy volunteers were also free of any medications and had no cancer, infectious diseases, and others. The clinical characteristics of patients and healthy subjects were shown in Table 1 .
Sample preparation and storage
Two ml peripheral blood samples were drawn into EDTA tubes and transported on ice to the laboratory. Firstly, 100 μl blood samples were stained with the fluorescently-labeled anti-human monoclonal antibodies and analyzed by flow cytometry within 24 hours. After staining, the residual blood was centrifuged at 1000×g at 4°C for 10 min to collect plasma, which was transferred into plain polypropylene tubes and stored at -20°C for further assay.
Flow cytometry analysis
To determine the frequency of the circulating M2-like monocytes, peripheral blood samples were labeled with 7.5 μl FITC-anti-CD14 (Beckman Coulter, France) and 6 μl PE-anti-CD204 (R&D Systems, USA), and incubated for 15 min at room temperature in the dark. Subsequently, the blood cells were lysed and fixed with 2 ml of FACS lysing solution. The isotype-matched controls of FITC-IgG1 and PE-IgG2a were used as negative controls. The circulating CD14 + CD204 + monocytes were detected using a FACS Navios flow cytometer (Beckman Coulter, USA) and data were analyzed with FlowJo software (Tree Star, Inc. USA). 
Immunohistochemistry
Immunohistochemical staining of HA and CD204 were performed using the formalin-fixed, paraffin-embedded biopsy specimens of breast cancer and breast benign disease. Briefly, 5-μm sections were deparaffinized, rehydrated and microwaved in sodium citrate for antigen-retrieval. The sections were blocked at room temperature for 1 h with 5% BSA in PBS. For HA staining, the slides were incubated with biotinylated HABP (Merck, Germany, dilution: 1:50) at 4ºC overnight. Slides were then washed three times with PBS and incubated with Streptavidin-ABC for 30 min at room temperature. To detect CD204 expression, the slides were incubated with anti-human CD204 antibodies (Molecular Probes, USA, dilution: 1:100) overnight at 4ºC. Next day, the slides were rinsed with PBS before incubation with biotinylated secondary antibody (Boster, China) for 30 min at room temperature. After removing non-reacted secondary antibodies, the sections were incubated with Streptavidin-ABC and then developed with DAB Substrate Kit to visualize the immunolabeling.
Statistical analysis
All statistical analyses and figures were performed with SPSS 20.0 (IBM, USA). Unpaired t test or one-way ANOVA turkey's multiple comparisons were used to analyze normally distributed data (presented as the mean ± SD). Non-normally distributed values were expressed as a median (P25-P75), which were evaluated by the Mann-Whitney U test or Kruskal-Wallis nonparametric test. Spearman rank correlation test was performed to evaluate the correlations between plasma levels of HA and circulating M2-like monocytes. The diagnostic efficiency of the individual markers and their combination was assessed by receiver operating curve (ROC) analysis. Logistic regression analysis was performed to obtain sensitivity/specificity of the optimal combination of circulating M2-like monocytes, HA, CEA, and CA 15-3. 2-sided p value < 0.05 was considered statistical significance in our study.
Results
The M2-like macrophages and HA were elevated in breast cancer tissues
We first used the CD204 as a biomarker for detecting M2-like macrophages in tissues of breast cancer and benign breast disease. The expressions of HA were also determined in the matched tissues. As shown in Fig.1 , our result showed that CD204 + M2-like macrophages were accumulated in the stroma of breast cancer, which were higher than that in benign tissue. Furthermore, HA content was also increased in breast cancer tissue compared with benign tissue.
Circulating M2-like monocytes and plasma HA were increased in patients with breast cancer Table 1 summarized the clinical characteristics of BC patients, patients with benign breast disease, and healthy controls. In the 81 BC patients investigated, invasive ductal carcinoma (80.2%) was the most frequently occurring cancer, followed by invasive lobular carcinoma (7.4%) and ductal carcinoma in situ (6.2%). Moreover, 42.2% of the benign disease was adenosis, followed by fibroadenoma (26.7%) and intraduct papilloma (17.8%). Furthermore, the distribution of age, the counts of WBC and monocytes in peripheral blood were not significantly different between the breast cancer, benign, and healthy groups.
In our study, plasma HA levels were significantly increased in breast cancer group (61.63 (52.04-81.50) ng/ml) compared with control group (49.13 (45.08-55.91) ng/ml), p < 0.001, Figure 3A ). CD14 + CD204 + monocytes in peripheral blood were recognized as the M2-like tumor-associated monocytes, which were determined by flow cytometry (Fig. 2) . As expected, the percentages of circulating CD14 + CD204 + monocytes from breast cancer patients (11.02 ± 2.74) were significantly higher than that from control groups (7.50 ± 1.73, p < 0.001) (Fig. 3B) . As conventional biomarkers, the plasma levels of CEA and CA15-3 in BC patients were significantly higher than that in control groups (p = 0.027 and p = 0.003, respectively) ( Fig. 3C and D) . Therefore, our data showed that the frequency of circulating CD14 + CD204 + M2-like monocytes and plasma HA were all significantly increased in breast cancer patients. Furthermore, there was a significant correlation between circulating M2-like monocytes and HA in breast cancer group (Spearman r = 0.404, p < 0.001) ( Table 2 and Fig. 3E ). Receiver operating characteristic (ROC) analysis was applied to appraise the diagnostic values of the four biomarkers individually and their combination. When distinguishing breast cancers from controls, our results showed that the AUC (area under the ROC curve) values of circulating CD14 + CD204 + monocytes and plasma HA were 0.861 and 0.798, respectively, higher than that of CEA (0.598) and CA15-3 (0.631) ( Table 3 and Fig. 4A ). Furthermore, logistic regression models were carried out to further evaluate the relationship between the four markers and breast cancer. As shown in Table 4 In contrast to CEA and CA15-3, circulating CD14 + CD204 + monocytes and HA possessed higher sensitivity (Table 3) . At specificity of 80%, circulating CD14 + CD204 + monocytes and HA produced a sensitivity of 76.5% and 60.5%, respectively, compared with CEA (33.3%) and CA15-3 (39.5%). Similarly, at 90% specificity, the sensitivities of circulating CD14 + CD204 + monocytes (71.6%) and HA (54.3%) were higher than CEA (14.8%) and CA15-3 (27.2%). In this study, on the basis of the logistic regression model, combining CA15-3 and CEA for differentiating breast cancer from controls produced a ROC curve with AUC of 0.639 (95% CI: 0.557-0.722, p < 0.05), and the sensitivities were 32.1% at 80% specificity and 24.7% at 90% specificity. However, the AUC of the combination of circulating CD14 + CD204 + monocytes and HA was 0.899 (95% CI: 0.853-0.946, p < 0.05), and the sensitivities reached 84.0% at 80% specificity and 74.1% at 90% specificity. Furthermore, as shown in Table 3 and Fig.4B , the AUC and sensitivity of the combination of circulating CD14 + CD204 + monocytes and HA were similar to those of all biomarkers combination (AUC = 0.908, 95% CI: 0.863-0.954; 86.4% at 80% specificity and 81.5% at 90% specificity). Collectively, our results indicated that circulating CD14 + CD204 + monocytes and HA might constitute a group of potential diagnostic marker for detection of breast cancer. 
Correlation between the levels of all biomarkers and clinical parameters of breast cancer
The relationship of circulating CD14 + CD204 + monocytes, HA, CA15-3, and CEA with patient characteristics were analyzed in this study. Our results showed that higher frequency of circulating CD14 + CD204 + M2-like monocytes were significantly associated with TNM stage, histological differentiation, and lymph node metastasis (p < 0.05).
Moreover, the frequency of CD14 + CD204 + M2-like monocytes in ER negative groups was higher than that in ER positive group (p < 0.05). However, besides the positive correlation between HA and histological differentiation, there was no association between HA and other clinical parameters, such as histology type, ER, and so on ( Table 5 ). As shown in Table 5 , our study found no connection between CEA, CA15-3 and clinical parameters (p > 0.05). Correlation between the levels of all biomarkers and clinical parameters of breast cancer
The relationship of circulating CD14 + CD204 + monocytes, HA, CA15-3, and CEA with patient characteristics were analyzed in this study. Our results showed that higher frequency of circulating CD14 + CD204 + M2-like monocytes were significantly associated with TNM stage, histological differentiation, and lymph node metastasis (p < 0.05). Moreover, the frequency of CD14 + CD204 + M2-like monocytes in ER negative groups was higher than that in ER positive group (p < 0.05). However, besides the positive correlation between HA and histological differentiation, there was no association between HA and other clinical parameters, such as histology type, ER, and so on ( Table 5 ). As shown in Table 5 , our study found no connection between CEA, CA15-3 and clinical parameters (p > 0.05).
In the present study, we analyzed the percentage of circulating CD14 + CD204 + M2-like monocytes in blood samples, and the frequency of which was significantly elevated in BC patients than that in control group. Similarly, plasma HA concentration detected in BC patients was also higher than control group. Notably, we found that the level of circulating CD14 + CD204 + M2-like monocytes was appeared to be positively correlated with plasma HA concentration in breast cancer. In contrast, there was no significant correlation between circulating M2-like monocytes and HA in control group. As indicated before, HA was an essential factor that induced the formation of M2-like phenotype besides other factors (e.g., IL-4, IL-13, M-CSF, and so on) in the tumor microenvironment [7, 12, 13] . Thus, our results suggested that tumor-derived HA and M2-like monocytes in peripheral blood could be used as potential biomarkers in diagnosis of breast cancer.
It is generally accepted that no single tumor biomarker will supply all necessary information for optimal diagnosis of cancer. The current tendency is to identify a multiple of biomarkers that can be used in combination to increase the diagnostic values. Up to now, very few tumor markers were clinically used for early discovery and diagnosis of breast cancer. The currently used tumor biomarkers CEA and CA15-3 were shown with low sensitivity in breast cancer that hindered its clinical application [3, 23, 24] . In agreement with previous studies, CA15-3 and CEA had relatively low sensitivity in breast cancer screening in our study. Nevertheless, our results demonstrated that circulating CD14 + CD204 + M2-like monocytes and HA displayed higher AUC and sensitivity at specificity of 80.0% and 90.0%. Moreover, when combining circulating M2-like monocytes and HA with frequently-used markers to explore the diagnostic value of combination, we found that circulating M2-like monocytes and HA increased the diagnostic value with superior sensitivity and specificity for breast cancer diagnosis. Therefore, combination of circulating CD14 + CD204 + M2-like monocytes and HA showed higher potential values than that of CEA and CA15-3.
We also found that higher levels of circulating CD14 + CD204 + M2-like monocytes were significantly correlated with lymph node metastasis and histological differentiation. Other studies indicated that circulating M2-like monocytes play an important role in the metastasis and growth of solid tumors [18, 25] . However, in this study, we found no significant association between plasma HA levels and lymph node metastasis and histological differentiation. The explanation may be that the measurement of plasma HA concentrations in our study is total HA. Previous study suggested that ECM degradation gives rise to the elevation of HA fragments which facilitate the tumor cell dissemination and metastasis [26] . In addition, our results revealed that the frequency of CD14 + CD204 + M2-like monocytes was increased in ER negative patients. Former studies showed that ER regulated the growth and differentiation of tumor cells and was positively correlated with the prognosis of breast cancer patients [27] . However, there was no relationship between CA15-3, CEA, and clinical parameters. Therefore, in contrast to CEA and CA15-3, circulating CD14 + CD204 + M2-like monocytes have the advantageous value of surveilling the progression of breast cancer.
In conclusion, this study indicated that there was a positive correlation between circulating CD14 + CD204 + M2-like monocytes and HA in breast cancer, and the combination of them may represent a potential biomarker to screen breast cancer. However, our studies were carried out only in CD14 + monocytes and the assay of plasma HA was limited to total HA with small sample size. Therefore, further detailed analysis with large sample size is needed to verify our study. 
